Since Adler and Reimann (1925) adopted the Congo red test as a reticuloendothelial system (RES) function test, this method has been used extensively, experimentally and clinically, for the measurement of RES phagocytic activity (Yamagata et al. 1954 (Yamagata et al. , 1955 . As the Congo red test is a very easy procedure which is applicable to patients without any discomfort, there have been many studies on RES function using this method. However, to date there has been no definitive histological evidence to show that Congo red is phagocytized by the cells of the RES. Adler and Reimann (1925) first described that Congo red was phagocytized by RES; "Auch im einem Versuche am Menschen, dem wir anti exitum durch mehrere Tage gesamten 80cc 1%iger Kongorotlosung injizierten hatten, konnten wir in Leber and Milzallerdings nur sehr sparlich Farbstoff-granula nachweisen." Takeda (1930) reported that when as much as 32 nil/kg of 0.4% Congo red solution was injected, the dye was found in RES cells of liver, spleen, lymph nodes, lung and large intestine. The demonstration of injected Congo red was, however, 
MATERIALS AND METHODS
Congo red (E. Merck, A.G., Darmstadt, West Germany) was labeled with tritium by Wilzbach's method (Daiiehi Chemical Co., Tokyo). Labeled Congo red was diluted with distilled water and evaporated to dryness two times in order to remove freed tritium in water and then Lyophilized, weighed and made up 1% solution in water. The color of 1% solution of tritiated Congo red was identical with 1% solution of non-tritiated Congo red. Chemical analysis of tritiated Congo red solution was performed by spectrophotometry and thin layer chromatography. The specific radioactivity of 1% solution thus prepared was about 1.35mCi/ml. Male adult Donryu rats weighing 200 to 300 g were used in most experiments, but on occasions young male rats weighing about 100 g were also used. Rats were purchased from Japan Rat Co. and were fed with rat diet and water. Animals were anesthetized with ethyl ether and were given intravenous injection of 0.4 ml of 1% tritium Congo red per 100g body weight via the femoral vein. Injected animals were sacrificed at successive intervals and RES rich organs such as liver, spleen and lymph glands were removed. Tissues were fixed in 10% formalin and inbedded in paraffin. Blocks were sectioned and the dipping method of autoradiography was performed by immersing the sections in emulsion gel (Sakura NR-M2, Konishiroku Co., Tokyo), The sections were dried and kept in a dried dark box at room temperature for 2 weeks for exposure. After that they were subjected for the development, staining with hematoxylin-eosin was performed and studied under the light microscope. 50% Hypon and Communin were used as RES stimulants. Egg white albumin and methylcellulose were used as RES proliferat ing substances. Congo red was injected 3 hours after injection of 1 ml/kg of 50% Hypon intravenously or 1 ml/kg of Communin subcutaneously. One ml/kg of 1% egg white albu min or 1ml/kg of 2.5% methylcellulose were injected two times a week for two weeks intraperitoneally and then Congo red was administered.
RESULTS
The thin layer chromatographic study of 1% tritiated Congo red solution was performed by Gasparic's method (1964), Fig. 1 shows the thin layer chromatogram of tritiated and non-tritiated Congo red on Silica gel. The chromatography was run in pyridine-n-amylalcohol-ammonia (1: 1: 1) as solvent at room temperature for seven hours. Fig. 1 demonstrates, from left to right, thin layer chromatograms of 0.005 nil of labeled, 0.005 nil of non-labeled, 0.005 ml of labeled, 0.005 ml of nonlabeled, 0.01 nil of labeled and 0.01 ml of non-labeled Congo Ted. It is apparent from this figure that there are no differences between labeled and non-labeled Congo red in chromatographic behavior. However, there are several light reddish-yellow spots in the upper and lower portions of the Congo red spots. These occur with both labeled and non-labeled Congo red indicating the presence of contaminants in both compounds. The results of the spectrophotometric study of Congo red are shown in Fig. 2 . four groups by means of grain counts in each cells . Those cells which do not contain any grains are designated as 0, those containing 1-10 grains as 1 those with 11-30 grains as 2, and those with 31 grains or more as 3 . The number of grain counts in 100 stellate cells from each slide are counted. Fig. 3 is the autoradiography of liver taken 24 hours after injection of tritium -labeled Congo red. It is obvious from Table 1 and Fig . 3 that tritiated Congo red is not taken up by hepatic cells but is taken up specifically by Kupffer's stellate cells .
It is also obvious that Congo red uptake is very low at the end of 4 minutes after injection but increase gradually and reaches a maximum level at the end of 24 hours after injection. This peak lasted 48 hours and then decreased gradually . However, radioautographic grains remained in stellate cells for 7 days after injection. The results of Congo red phagocytosis by RES cells other than Kupffer's stellate cells are shown in Table 2 . It is clear from these data that there is no phagocytosis of Congo red in RES cells of spleen, bone marrow, lymph glands etc. An exception to this is that some reticulum cells of the spleen white pulp contain a trace of Congo red. Effects of various kinds of RES stimulants on Congo red phagocytosis are shown in Table 3 . There is no evidence of enhanced phagocytosis of Congo red in animals with received intravenous injection of Hypon or intraperitoneal injection of methylcellulose. The group injected with egg white albumin shows •õ H means hemosiderosis and no uptake of Congo red.
•ö H (+) means hemosiderosis and uptake of few Congo red. markedly reduced phagocytic activity. At three hours after subcutaneous injection of Communin there was a highly significant increase in phagocytosis of Congo Ted by Kupffer's stellate cells. The enhanced phagocytosis was such that the Congo red uptake at the end of 1 hour after stimulant injection was equivalent to that of 24 hours after injection in the control group. Effects of RES stimulants on the phagocytosis by RES cells of other organs are shown in Table 4 . These data indicate that the groups received Hypon and Communin show mild uptake of Congo red in RES cells other than Kupffer's stellate cells. The time course study of radioactivity of various organs of adult rats which received an intravenous injection of Congo red is showed in Table 5 . The rats were sacrificed 1 hour, 3 hours, 6 hours, 12 hours, 18 hours , 24 hours and 48 hours after tritiated Congo red injection. At the tine of sacrifice, their liver, spleen, heart, kidney and large intestine were removed and weighed . Then small pieces of tissue were taken, weighed and homogenzied by Teflon homogenizer. Homogenates thus prepared were made up to 10 ml with distilled water and centrifuged. 0.4ml of supernatant was mixed with 3.6ml of 20% trichloroacetic acid and again centrifuged. 2.0 nil of supernatant was taken and added to 1.8ml of 2N KOH and again centrifuged. Finally, 1.0 ml of supernatant obtained was added to 10ml of Bray's scintillator cocktail and subjected to the determination of radioactivity in a liquid scintillation spectrometer. Counting efficiency was 5 to 10%. During these steps, blood was never withdrawn from the organs. The radioactivities of tissues taken 1 hour after intravenous injection were found in kidney, liver, lung, spleen, heart, and large intestine in decreasing order.
DISCUSSION
Various methods have been used to measure the RES function clinically and experimentally and most of these procedures were based upon the phagocytic capabilities of the RES because this method was able to express RES activity qualitatively. However, it is believed that RES activities include not only phagocytosis but also its catabolic activity upon engulfed materials. From these points of view, appropriate subjective methods for the determination of RES activity are thought to be only few in number. The Congo red test originally developed by Adler and Reimann has been used extensively as an RES function test since this method has many advantages. For example, it is applicable to human beings and can be repeated several times in the same subject. However, there were some auguments pertaining to the significance of the Congo red test as a RES function test.
There are many reports on the Congo red test as a diagnostic procedure for amyloidosis, but only few papers on the clearance study of radio sulfated (Knorpp et al. 1960 ) and radio iodinated Congo red (Tubis et al. 1962) . We have tried to reevaluate Adler and Reimann's Congo red test as a RES function test using tritiated Congo red. Although there was a possibility for chemical decomposition during tritium gas treatment, it is apparent from Figs. 1 and 2 that tritiated Congo red has almost the same chemical characteristics as non-labeled dye. The thin layer chromatograms and spectrophotometric data show that the tritiated dye is similar to the non-radioactive compound in every respect including the trace contaminants which showed up as light reddish-yellow spots on the thin layer chromatograms. For the future study, it may be necessary to purify Congo red (Bedaux et al. 1963 ) before use.
Our autoradiography experiments have demonstrated that Congo red dye was almost specifically phagocytized by Kupffer's stellate cells of the liver. The grain counts of stellate cells were increased rapidly for several hours after injec-tion and reached the maximum level 24 hours after injection. These results suggest that some steps might be necessary before phagocytosis. Using gel diffusion and electrophoresis techniques, Kojima and Imai (1961) have demonstrated that injected acid dyes combined with serum protein, especially with albumin, and subsequently these complexes were phagocytized by RES cells.
According to Akazaki's classification of RES (1961), Kupffer's stellate cells are a part of reticuloendothelia to which reticuloendothelia of lymph glands and splenic sinus endothelia also belong. However, there was no phagocytosis of Congo red dye by any cells other than the stellate cells of the liver, except that the splenic reticulum cells exhibited mild uptake of dye only after prior administra tion of a RES stimulant. Yamagata (1963) has reported on the distribution pattern of intravenously injected Fe colloid in rabbit 57% of the total radioactivity was located in the liver, 30% in bone marrow and 1% in spleen, respectively. The distribution of 198Au colloid injected intravenously was 95% in liver and 1% in spleen. Kosaka (1962) has reported carbon particles injected intravenously were found more in liver, bone marrow, spleen and lung and, on the basis of weight per tissue, they were in spleen, liver and bone marrow in the increasing order. Nakajima and Tanaka (1962) studied the distribution of nonlabeled Congo red injected intravenously and found it in liver, kidney, bone marrow, lung and spleen, per g of tissues, in decreasing order. As it was cited above, the distribution pattern in tissue of injected materials were different depending on the nature of particles used and on the RES activities of each organ. The fate of injected dye was quite obscure since it was difficult to demonstrate its location under light microscopy. We have reported the results of Congo red dye but the fate of acid dye inside the RES cells, especeally inside Kupffer's stellate cells remains to be solved. Experiments to clarify the mechanisms by which different particles are engulfed by phagoytes are needed.
